The accumulations and partitions of mineral elements and dry matter in upland cotton plants were followed: A, at five-day intervals for thirty days starting with the seed with the plants growing in During the first five days of the experiment there were sharp increases in the concentrations of N, K, Ca, and Na. These rapid accumulations took place even though during the first four days the seedlings had not emerged from the sand. There was no change in dry weight between seed kernel and the 5-day-old seedlings; such respiratory loss of dry matter as may have occurred during germination was evidently regained by photosynthesis during the fifth day. One rather unexpected feature of the data was the loss in weight per plant of P during the first five days and the continued decrease in P concentration during the first 15 days. The gain in Ca (extremely low in the seed) was continuous during the full 30-day period, 169 www.plantphysiol.org on July 28, 2017 -Published by Downloaded from
ferences occurred in the mineral accumulations, and particularly in growth rates between the plants grown in the greenhouse in Hoagland's solution for thirty days and those first sampled in the field by Olson and Bledsoe at a like age after development during the typically cool conditions of the spring. The kernels of the Empire seed planted in the greenhouse had an average dry weight of 0.063 gm; at 30 days the leaves and stems had dry weights of 2.93 gm. In the field at thirty days the plant tops weighed only 0.13 gm. The greenhouse-to-field ratios of mineral accumulations (percentages on dry weight of leaves and stems) at thirty days were N, 4.0 to 3.5; P, 0.8 to 0.3; K, 4.5 to 2.7; Ca, 3.3 to 3.1; and MIg, 0.7 to 1.4.
METHODS
Olson and Bledsoe (16) used "Official 'Methods" for the determination of N, P, and Ca. MIagnesium was determined by the 8-hydroxyquinoline method and K by the Wilcox (23) procedure. Our measure- 1 Received July 19, 1956 . 2 Present address: Department of Soils and Plant Nutrition, Citrus Experiment Station, Riverside, California. ments were by "Official Mlethods" (Assoc. Agr. Chem., ed. 4) for N, P, Ca and Mg; K was determined as above and Na by the flame photometer.
The greenhouse plants were germinated for five days in washed river sand copiously watered with Hoagland's solution (plus micronutrients, sequestrene NaFe and 1 Mm/l of NaCl) and transferred on the fifth day to the same solution aerated in a series of twelve 20-liter stone jars. The first sample was of 100 seed kernels, the second at five days was of 60 plants after emergence on fourth day, and the last at 30 days was of 17 plants. On the latter date the plants had 7 to 8 true leaves. Olson and Bledsoe started at 30 days from planting with replicated 100-plant samples and ended at day 150 with samples of 5 to 10 plants.
As recalculated to percentage compositions and cumulative grams of the various mineral elements per plant, the Olson-and-Bledsoe data (16) were found to be remarkably consistent for field samplings. In the instance of plant weight and the potassium percentage at 90 days, however, there were marked irregularities. We During the first five days of the experiment there were sharp increases in the concentrations of N, K, Ca, and Na. These rapid accumulations took place even though during the first four days the seedlings had not emerged from the sand. There was no change in dry weight between seed kernel and the 5-day-old seedlings; such respiratory loss of dry matter as may have occurred during germination was evidently regained by photosynthesis during the fifth day. One rather unexpected feature of the data was the loss in weight per plant of P during the first five days and the continued decrease in P concentration during the first 15 Mason and Maskell (14) were unable to find evidence that Ca is mobile in the phloem of cotton and emphasized the need for a continuous supply. Joham (13) observed that with Na present, the impact of transferring cotton plants from plus-Ca to minus-Ca was lessened somewhat.
The percentage compositions of the stems and roots attract attention largely by the fact that whereas N and K were especially high, P, Ca, Mg, and Na were all grouped near or below the 1 % level. At 30 days, Na was higher in the roots than in the stems or blades; otherwise there is little evidence of any marked Na localization such as has been reported in the literature for a number of other plants.
Starting on day 10, the weights/plant of dry matter and of each of the minerals (P and the last Na value excepted) tended to double with rather remarkable regularity during each 5-day interval.
FIELD PLANTINGS ON CECIL SANDY LOAM: The data by Olson and Bledsoe are presented in figure 2 as percentage compositions on dry weight of cotton plants between the ages of 30 and 150 days when grown on a relatively rich soil under better than average rainfall conditions. These authors noted that the rainfall during each of the two seasons averaged six inches above normal for the period June, July, and August. The stems + leaves and the buds + bolls were collected and analyzed separately. The involucres of buds and bolls are prominent in the cotton plant and resemble leaf tissues; in well fruited upland cotton plants, the ratio of involucral area to leaf area is in the order of 1: 3. Early in the fruiting period, the inv,olucres contribute substantially to the dry weight of bud + boll samples but with the enlargement of the early bolls, the weights of the involucres become progressively secondarv.
Between 30 and 45 there were both losses and gains in the concentrations of the 5 elements (fig 2) . Day 105 initiated the period of rapid gain in the weight of the reproductive tissues. But it was before, rather than afterwards, that large declines in the concentrations of N, P, K, Ca, and Mg occurred. These declines took place both in the vegetative and reproductive tissues; only P in the buds and bolls gained a little before day 105. From day 105 onward the changes in the concentrations of all elements (except Ca which increased) were minor, with small declines being the rule. It was between days 105 and 150 that the buds and bolls came to constitute 65 % of the total dry weight of the entire plant (figs 3 and 4).
The relative position of N, P, K, and Mg were much the same in the vegetative and reproductive tissues but the concentrations were rather uniformly lower in the latter.
The 2,000 lbs/acre of seed cotton obtained during the two years of the experiment on Cecil sandy loam was on the basis of 23,000 plants per acre. The data are recalculated in figure 3 to show the grams/plant of dry weight (divided by 100) and of the five elements. The noteworthy point in these data is that after day 105 there was little change in either the dry weights of the leaves+stems or in the grams/plant of the five elements in these tissues. (10, 22) , the writers had developed the notion that the cereals accumulated large reserves of phosphorus while young. Rather than being characterized by rapid early accumulations of phosphorus, it appears, instead, that cereals are noteworthy primarily in the extent to which they transfer some of their minerals, as well as sugars, out of the leaves and stems into the heads during late growth. Petri (17) and Williams (22) have emphasized the early accumulations of nitrogen in certain cereals and its later massive movement into the reproductive tissues. Table  II indicates that barley, wheat and cane are more avid early accumulators of nitrogen than either cotton or corn.
Even though there is little or no exhaustion in the vegetative tissues of cotton as a result of the transport of minerals or sugars to the bolls during fruiting, a marked exhaustion of P in the vegetative tissues of cotton does take place when the supply is removed (9). Arnon et al (1) have shown that the fruit of the tomato plant has a high P-priority during P-starvation.
DISCUSSION
The explanation for the uniformity in the vegetative structures of the cotton plant as regards their weight and their minerals duringf the period of heavv boll development must lie in the fact that cotton has the remarkable characteristic of shedding young squares and bolls that cannot be brought to normal maturity. No instance has been recorded of an overfruiting of the cotton plant that resulted in a significant reduction in weight/boll-providing, only, that conditions remained reasonably suitable for growth and boll development. Although over-fruiting, with consequent poor fruit weights, is common among horticultural plants generally, in cotton, within a variety and climatic complex, the number of bolls developed tends to remain proportional to the weight of the leaves and stems.
The actual nature of the chemical stimuli responsible for the drying up of small floral buds and for the abscission of young bolls remains unknown but it is believed (7, 8) that developing cotton bolls secrete a mobile growth-inhibitive substance of anti-auxin nature which causes enough of the bolls to abscise to maintain a balance between fruiting activities and the vegetative stature of the plant. This boll-setting inhibitor is evidently responsible, also, for the suppression of vegetative growth after boll setting has progressed; when the earliest bolls set by well-fruited cotton plants start to open, it is usual for the plant to renew its vegetative growth and at the same time to start to set new bolls. Because of the maintenance of carbohydrate and nitrogen in the vegetative tissue and, as shown in this paper, of the minerals in general, the old nutritional theory of boll shedding is regarded as inadequate.
The rate of mineral accumulations by the cotton plant are shown in figure 3 to be maintained well during fruiting. The maintenance of mineral uptake is undoubtedly related to the simultaneous maintenance of sugars at levels ample to support the respiratory activities involved in mineral accumulations. Conversely, the background activities that support photosynthesis are dependent upon the maintenance of mineral concentrations in the leaves.
Considered in the light of the foregoing, the cotton plant, through the agency of boll shedding, has developed a rather remarkable mechanism for the maintenance of the mineral and carbohydrate levels essential for the continued production of high quality fibers throughout the period of boll development. New During the development of the bolls, there were large increments in dry matter and in weight/plant of N, P, K, Ca, and Mg. Except for an extra retention of Ca in the vegetative tissues, these increments passed through the vegetative tissues to be deposited in, and to promote the growth of, the buds and bolls. During the heavy boll setting and the growth of the older bolls, there were neither substantial gains nor losses in the dry matter or minerals of the vegetative tissues. 4 . At maturity the weight of buds and bolls constituted 66 % of the weight of the entire plant. The buds and bolls contained 57 % of the total N, 79 % of the P, 46 % of the then remaining K, 53 % of the Mg, but only 34 % of the Ca. As fruiting advanced there was a small net export of P from the vegetative to the reproductive tissue but between days 105 and 150 the weight of P/plant doubled. 5 . The maintenance of uniform concentrations of minerals in the leaves and stems (and of carbohvdrates in the stems) during heavy fruiting appears to characterize the reproductive cycle of the cotton plant. It is this characteristic which permits the cotton plant to produce uniform fibers over a prolonged period of boll development. The basis of this unique adaptive mechanism lies in the fact that through the agency of abscission the cotton plant discards superfluous bolls that, could not be brought to normal maturity. The shedding of superfluous bolls is evidently induced by the secretion from developing bolls of an anti-auxin type of material which diffuses out through the plant to curtail vegetative expansion and induce the abscission of new bolls as relative fruitfulness comes to exceed around 6 to 7 bolls/100 gm of fresh leaves and stems. Without shedding, the late-season fibers would inevitably be shorter, weaker, and finer and, thereby, poorly suited to the spinning of high quality yarns.
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